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NATIONAL ADVISORY COMMI'ITEE FOR AERONAUTICS 

.-_ 
RESEARCH-MEMORANDUM 

for the 

Air Materiel Command, U.S. 'Air Force 

AN INVESTIGA!I'ION OF THE AERODYNAMIC CHARACTERISTICS IN 

PITCH OF AN XB-52 AIRPLANE MODEL IN A 

HIGH-SPEED WIND TUNNEL 

By Joseph W. Cleary and Charles F. Coe 

A wind-tunnel investigation of a 0.0&g-scale mode'l: of the Boeing 
XB-52 airplane was made at Mach numbers from 0.30 $0 0.925 and St 
corresponding Reynolds numbers from about 2.3 X 10 to 4.3 X 10.. 
The results of the investigation indicate satisfactory static longi- 
tudinal stability throughout the test Mach-number range and some loss 
in tail effectiveness beginning at about 0.80 Mach number. 

A comparison of the results of these tests with those of the same 
model in the Boeing Airplane Company's wind tunnel showed close agree- 
ment of lift- and drag-divergence Mach numbers. Slight differences 
were observed in tail effectiveness and the position of the stick-fixed 
neutral point. 

INTRODUCTIOf\J 

At the request of the U.S. Air Force, an investigation of the 
aerodynamic characteristics of a model of the Boeing XB-52 airplane 
was made in the Ames 16-fo6t high-speed wind tunnel. The model was 
mounted on a sting support. Wind-tunnel tests of the same model were 
made earlier in the Boeing Airplane Company's wind tunnel using a 
different model support (reference 1). 

The l&foot wind-tunnel tests were made to compare the lift- and " 
drag-divergence Mach numbers with those of the Boeing wind-tunnel tests. 
In addition, an investigation was made of the static longitudinal 
stability and control and the downwash and wing. wake at the tail. 

J  
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~OEFFICIEN!I'SAND SYMBOLS 

drag coefficient &rag \ - 
\qos > 

lift coefficient 

pitchingaoment coefficient about the 0.25F, the center of gravity 

sholm in figure 1 

wing span, feet 

horizontal-tail span, feet 

wing chord, feet 

horizontal-tail chord, feet 

/I-r, b/= c2~y\ 
mean aerodynamic chord of wing ~ 1, feet 

:.* &b/2 c dyj 

%  
bt/= ct= dya 

mean aerodynamic chord of horizontal tail 
bt/= 

j, feet 
ctdy j 

/ 
height above tail plane, percent of F 

free-stream total pressure, pounds per square foot 
-" 

total pressure at tail, pounds per square foot 

free-stream Mach number 

free-stream static pressure, pounds per square foot 

static pressure at tail, pounds per square foot t 

free-stream dynamic pressure3 pounds per square foot 

Reynolds nu&er 

wing area of model, square feet 

distance from model plane of symmetry, feet 
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a angle of attack of wing reference plane, degrees 
ij d 
& % uncorrected angle of attack of wing reference plane, degrees 558, ,. - ..- 

E downwash angle, degrees 

8 angle of twist of wing tip, degrees 

it horizontal-tail incidence with respect to wing reference plane, 
degrees 

MODEL AND APPARATUS 

a 

The 0.049-scale model of the XB-52 airplane is shown in figure 1 
and, as mounted in the wind tunnel, in figure 2. This model had a wing 
of aspect ratio 8.55 and a sweepback of 35O at the 0.25-chard line. 
The wing had both geometric and aerodynamic twist and the thickness 
decreased from the root to the tip as indicated in tabla I. The inci- 
dence of the root chord line was 1'22' less than the incidence of the 
wing reference plane to which angle of attack was measured; the root 
chord line had an incidence of 6’ relative to fuselage water lines. 
The root was assumed to be at wing station 3.00 inches. Other pertinent 
dimensions of the model are given in table II. An extension was added 
to the trailing edge of the wing over the portion of the span occupied 
by the flaps to house part of the flap-retracting mechanism. The model 
was equipped with four double-jet nacelle units mounted on pylons 
beneath the wing (fig. 1). Air flowed through the nacelles, but no 
attempt &as made to measure the amount. The fuselage had a pilotts 
canopy and a tuil turret. The horizontal and vertical tails were 
all-movable and the 0.25-chard lines were swept back 35’. 

The model was mounted on a sting that entered the fuselage beneath 
the tail (fig.2). Sting-support interference was measured with the 
model mounted on a single strut with and without the sting in place, 
as shown in figure 3. 
and strut), 

For both methods of supporting the model (sting 
the forces and moments on the model were measured with an 

electric resistance-type strain-gage balance enclosed within the model. 
Angle of attack was measured by a calibrated angle indicator placed 
within the fuselage, 

Downwash and wake surveys at the tail were made, respectively, with 
the calibrated pitch heads and total-pressure rakes illustrated in 
figure 4. The pitch heads and total-pressure rakes were mounted on the 
fuselage (fig. 5). Pressures uoro i:loasurcd~~?~ith mercury r:~?nm-.?ctcrs. 

The twist of the wing tip under aerodynamic load was measured with 
a protractor from photographs of the model which were taken during the 
tests 



4 NACA RM SA51Cl6 4 

Th6 16-foot wind&tunnel test section has a nominal diameter of 
16 feet. However,flats hav@ been added to the sslaes which reduced the 
width to 12 feet. ..(See fig. 2;) 

TESTS 
,I 

Tests of the model were tide with and without the empennage to 
ascertain the tail effectiven&s and the effect of the tail on the 
static longitudinal stability. Additional tests were made with and 
without the jet nacelles and peons to tnvesttgate their effect on the 
lift, drag, and pitching moment. The progression of the flow separation 
on the wing as the angle of attack w5s increased was ibticated by tufts 
attached to the surface of the model. One test was ma&'wEth a l/8-inch- 
wise roughness strip fixed at 10 percent of the wing chord. Surveys of 
the flow at the tail position were made to investigate the dOtrnWa@ at 
the tail and the extent of the wing wake and its position with respect ' 
to the horizontal tail. 

The tests were made at Mach numbers from 0.30 to 0.925 corre- 
sponding under the test conditions to a Reynolds number range of about 
2.3 x 10~ to 4.3 x106 as shown in figure 6. 

CORRECTIONS, PRECISION, AUD SUPPORT lNmC!E 

CorrectSons were applied to the data for the effects of the wind- 
tunnel walls. The corrections were determined by the method of 
reference 2and are: 

' Aa (deg) = 016 CL I- 

AND = 0,02CL r- 
ACm = 0.007 CL (tail on only) ,-- 

-ne(deg) = o.@c, 

Constriction corrections acc&nting for the blocking effect of thg 
modeT in the tunnel test section. vere zqpliedaccording to reference 3. 
At O.gO'Mach number the constriction correction to the Mach liumber was 
a*Ejou% 1.1 percent and was practically neglfgibie for Mach numbers below 
0.70. 

Interaction of the normal force and pitching'moment on the measure- 
ment of chord ferce was determined approximately from s&tic tests of the 

.  __--__ .m.-..-_______--- -.----- __--.- _-A. .__ _. 
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ba l a n c e , a n d  co r rec t i ons  h a v e  b e e n  app l i ed , to  th e  d a ta . O th e r  in ter -  
I'. a  ac t i on  e ffects a r e  b e l i e ved  to  h a v e  b e e n  neg l i g i b l e .  W h i Le  a n  exac t  

es t imate  c ou l d  n o t b e  m a d e  o f th e  p rec i s i on  to  wh i ch  th e  a e r o d y n a m i c  * - . - ~  . . 
c o e ff ic ients we r e  asce r ta i ned / the  p rec i s i on  is b e l i e ved  to  b e  suff i - 
c ien t  to  just i fy th e  sca l e  to  wh i c h  th e  c o e ff ic ients we r e  p lo t ted.  
M e a s u r e m e n ts o f a n g l e ' o f a ttack  a n d  ta i l  i n c i d ence  a r e  b e l i e ved  to  b e  
accu ra te  to  w i th in  ti.1 ' a n d  a ng l e s  o f d o w n w a s h  to  w i th i n50 .2O.  

N o  a tte m p t was  m a d e  to  cor rect  th e  d a ta  fo r  th e  e ffect  o f th e  
e last ic  d e fo r m a tio n  o f th e  w ing .  A n  i nd i ca t i on  o f th e  m a g n i tu d e  o f th e  
w i n g  twist o b ta i n e d  f r om p h o to g r a p h s  o f th e  m o d e l  d u r i n g  th e  test  is 
p r e s e n te d  i n  fig u r e  7 . 

T h e  p rox im i ty  o f th e  ho r i zon ta l  ta i l  to  th e  s u ppo r t s t ing  a n d  th e  
pos i t i on  o f th e  s t ing  w i th  respec t  to  th e  fu s e l a g e  (f ig. 2 )  m a d e  a n  
eva l ua t i on  o f s u p po r t i n te r fe rence  des i r ab l e .  P rev i ous  tests h a v e  
s h o w n  th a t accu ra te  m e a s u r e m e n t o f s u p po r t i n te r fe rence  is diff icult, 
espec ia l l y  a t h i g h  M a c h  n u m b e r s . Neve r the less ,  a  k n o w l e d g e  o f w h e th e r  
th e  i n te r fe rence  was  o f l a r ge  o r  sma l l  m a g n i tu d e  was  cons i d e r e d  o f 
s o m e  va lue .  B e c a u s e  o f th e  l ow  cr i t ical  M a c h  n u m b e r  o f th e  strut a n d  
m o d e l  c o m b i n a tio n  a n d  th e  a tte n d a n t i n c r ease  i n  th e  s ize  o f th e  strut 
w a k e  wi th  th e  o n s e t o f shock ,  it is d o u b tfu l  if th e  s t i ng - i n te r fe rence 
m e a s u r e m e n ts a r e  va l i d  a b o v e  a  M a c h  n u m b e r  o f a b o u t 0 .7 5 . Fo r  th i s  
r e a s on , th e  d a ta  i n  fig u r e s  8  a n d  9  a r e  p r e s e n te d  b o th  unco r r ec t ed  a n d  
co r rec ted  fo r  th e  m e a s u r e d  s u ppo r t i n te r fe rence.  

T h e  d a ta  i nd i ca te  th a t th e  e ffects o f th e  s u ppo r t s t ing  in ter -  
fe r e n c e  o n  th e  l ong i t ud i na l  character is t ics o f th e  m o d e l  we r e : 

1 . A  neg l i g i b l e  e ffect  o n  th e  lift c o e ff ic ient th r o u g h o u t th e  
M a c h  n u m b e r  r a n g e  o f th e  test. 

2 . W ith  th e  ta i l  o n , a  n e g a t ive i nc r emen t  o f p i t c h i ng -momen t  c o e f- 
f ic ient fo r  ze r o  lift C m o , th e  m a g n i tu d e  d e p e n d i n g  o n  b o th  M a c h  n u m b e r  
a n d  ta i l  i nc i dence .  A t M a c h  n u m b e r s  a b o v e  0 .7 5 , th e  e ffect  o n  th e  s l o pe  
o f th e  p i t ch i ng -momen t  cu rves  was  l a r ge  a n d  p e r h a p s  was  c a u s e d  by  th e  
strut w a k e . W ith o u t th e  tai l ,  th e  s u ppo r t i n te r fe rence  c , aused  a  sma l l  
n e g a t ive i nc r emen t  i n  C m , a t a l l  M a c h  n u m b e r s  a n d  n o  s ign i f icant  
e ffect  o n  th e  s l o pe  o f th e  p i t ch i ng -momen t  cu rves.  

( A C , 3 =  
A  s l ight  i nc rease .  i n  d r a g  c o e ff ic ient w i th  o r  w i thou t  th e  ta i l  

w a s  a b o u t 0 .0 0 1  a t 0 .3 0  M a c h  n u m b e r ) . 
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The lift and pitching-moment characteristics of the model are pre- 
sented in figure 8 for both tail-on and tail-off configurations and the 
drag characteristics are presented similarly in figure 9. Owing to the 
questionable validity of the sting-interference measurements at the 
higher Mach numbers and because the aerodynamic parameters derive& from 
the lift, pitching-moment, and drag data are not affected significantly 
by the corrections for sting interference at the lower Mach numbers, 
figures 10 through 16 and the remaining discussion will concern data which 
include the sting interference unless otherwise noted. 

Lift Characteristics 

At low Mach numbers, the variation of lift coefficient with angle 
of attack (fig. 8) was approximately linear up to an angle of attack 
of about loo. Further increase in angle of attack caused a gradual 
decrease in lift-curve slope until at 20° angle of attack the model was 
almost completely stalled. Adding the jet nacelles slightly increased 
both the lift-curve slope and max imum lift coefficient (fig. 8). 

The variations of lift coefficient and lift-curve slope with Mach 
number for the complete model are presented in figures 10 and 11, 
respectively. Increasing Mach number increased the lift-curve slope 
about 25 percent as a max imum at a Mach number of 0.86 and a lift 
coefficient of 0.2; no decrease below the low Mach number value was 
observed up to the highest test Mach number, 0.925. The effect of 
Mach number on the angle of attack for zero lift was negligible. 

Pitching-Moment Characteristics 

W ith the tail off, the variation of pitching-moment coefficient 
with lift coefficient (fig. 8) was typical of swept&wing-fuselage 
combinations. A  marked increase in pitching-moment curve slope 
occurred as the lift coefficient increased up to the stall. At 0.30 
Mach number, these changes that are related to the iring sweep were 
not apparent when the empennage was added to the model, thus‘indica- 
ting an increase in effectiveness of the horizontal tail at lift 
coefficients where the tail-off pitching moment.increased. However, 
with increasing Mach number, the effectiveness of the tail to over- 
come the changes in pitching moment due to wing sweep has been 
reduced. 
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The variation of the tail effectiveness aCm/ait and the stick- 
fixed neutral point with Mach number are presented in figure 11. The 
neutral point was calculated using an assumed wing loading of 60 

.pounds per square foot at,an ,altutude, of 20,000 feet. .The results 
show that beginning at about 0.80 Mach number, the tail effectiveness 
began to decrease and that at 0.90 Mach number the effectiveness was 
about 75 percent of its low-speed value. 

The position of the neutral point varied from about 38 percent of 
the mean aerodynamic chord at 0.30 Mach number to 43 percent at 0.875 
Mach number. Thus, for the normal center of gravity at 25 percent of 
the mean aerodynamic chord, stick-fixed stability was maintained for 
this range of Mach numbers. The variation, with Mach number,, of 
pitching-moment coefficient for the complete model (fig.12) indicated 
a nosing-do>n followed by a nosing-up tendency for lift coefficients 
of zero and 0.2 as the Mach number was increased. 

Drag Characteristics 

The minimum drag coefficient of the complete model corrected for 
support interference was about 0.013 sxti 0.30 Mach number as shown 
in figure 9 (a). The jet-nacelle units contributed a drag-coefficient 
increment of about 0.005 and the empennage about 0.002 to this minimum 
drag coefficient. The variation of drag coefficient with Mach number 
shown in figure 10 indicates that the drag divergence of the model 
occurred at about 0.86 Mach number for a lift coefficient of zero and 
decreased to 0.73 at O,B.lift coefficient. 

Surface Roughness 

'Ihe effect of roughness on the lift, drag, and pitching-moment 
characteristics of the complete model is shown in figure 1.3. The data 
indicate that the roughness decreased the lift-curve slope slightly at 
0.30 Mach number, and as the Mach number was increased the decrease in 
slope became greater. An increase in drag was apparent throughout the 
Mach number range and changes occurred in the pitching-moment coefficient 
at the higher Mach numbers. 

Downwash at the Tail 

c 

Presented in figure 14 are the measured downwash angles. For 
angles of attack less than about lOoand Mach numbers less than 0.70, 
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the dopmwash was essentially constant over the span of the tail, but at 
higher angles of attack the downwash varied considerably near the tip. 
This variation of the downwash was attributed to'an extension of the 
separated flow from the wing tip tolrard the root. Increasing the Mach 
number reduced the'angle of attack for which the downwash remained con- 
stant over the tail. At 0.875 Mach number a marked decrease in down- 
lmsh occurred near the tip of the tail at an angle of attack of 6.2O. 
Photographs of tufts indicate that this effect of Mach number may have 
been caused by the formation of.a shock stall near the wing root. 

A comparison of the downwash angles measured at the tail with those 
computed from the tail-effectiveness and tail-off and tail-on pitching- 
moment data are sholm in figure 15. The measured values presented are 
average values from the survey data, The downwash angles computed from 
data corrected for support interference appear to be in somewhat better 
agreement with the measured values than those from the uncorrected data. 
The major difference between the measured and computed curves was in the 
value of angle of attack for zero downwash angle; the slopes of the 
curves de/da are essentially the same at low'angles of attack. The 
angles of attack for zero downwash angle indicated by the computed curves 
appear to be high since for these angles the model was creating lift and 
therefore developing some downwash. . 

Pressure8,at the Tail 

The pressure-survey data are presented in figure 16 as ratios of the 
difference between total pressure and static pressure at the tail to the"- 
difference between total pressure and static pressure in the free stream. 
The data show that at low Mach numbers the tail was above the wing wake 
for angles of attack up to 10'. For higher angles of attack, the 
increased boundary-layer thickness and flow separation on the wing 
increased the depth-of the wing wake to where i%"extended considerably 
above and below the tail. At a Mach number of 0.8O;shock stall near 
the wing root, as indicated by photographs of tufts, increased the 
height of the wing wake to such an extent that at an angle of attack 
of 8.4’ the tipof the tail was in the wake. Increasing Mach number 
reduced the angle of attack at which the tip of the tail entered the wake. 
When shock stalling did not occur on the wing, it should be noted that, 
generally, the height of the tail above the wing wake, the pressure loss 
in the wake, and the depth of the wake increased when moving from the 
root of the tail to the tip. For some angles of attack the data indicate 
that the dynamic pressure outside the wing wake was slightly different 
from that of the free stream. This difference is believed to be due to 
inaccuracies in measuring static pressure. 

P 
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Photographs of Tufts 
P 

.-. - 
The-tuft indications "of. the floij over '  the model *%i,re presented in 

figures  17,to 25 for severa l Mach numbers and var ious  angles  of attac k . 
As the angle of-attack was increased, the tufts  show that the flow at 
the trailing edge swept toward the w ing tips  until at about 12O angle ' 
of attac k  separation firs t occurred at the w ing tips . Further increase 
in angle of attac k  gradually  extended the region of separated flow 
toward the w ing root. At 20° angle of attac k  the w ing appeared completely  
s talled except at the w ing-fuse lage junc ture. At higher Mach numbers 
the flow at the w ing tips  separated at s lightly  lower angles  of attac k . 
At 0.80 Mach number and 8O angle of attac k  (fig. 21 (b)), the tufts  indi- 
cated separation of the flow (probably shock  s tall) betbeen the fuse lage 
and the inboard nacelles . E'urther increase in Mach nuinber reduced the 
angle of attac k  at which  the flow separation occurred and increased its  
extent. 

W ind-tunnel Comparisons 

Aerodynamic character is tic s  of the O .O@sca le model from tes ts  in 
the Boeing Airplane Company's w ind tunnel (reference 1) are compared w ith 
those from the Ames 16-foot high-speed ‘wind tunnel in figures  10, 11, 12, 
and 15. The same model was used for both tes ts  except that the w ing- 
tr‘z iling-edge extension was added for the Ames tes ts . The model was 
mounted on an " is land support" (effectively a thin s ingle s trut extending 
the length of the fuse lage) for the Boeing tes ts . All the kesu lts  are 
presented w ith no correct ions  applied for support tares or interference, 

The var iations  of lift coefficient and drag coefficient w ith Mach 
number (fig. 10) show good agreement except for the absolute va lues  of 
the drag coefficient. This  difference is  attributed primarily  to the 
greater support tare of the Boeing tes ts . It is  apparent that both the 
lift- and drag-divergence Mach numbers are in c lose agreement. 

The var iation of lift-curve s lope, tail effec tiveness, and s tick?  
fixed neutral point w ith Mach number are presented in figure 11. The 
lift-curve s lopes  were practically identica l for both tes ts . Generally 
small differences  were noted for tail effec tiveness and s tiak-f ixed 
neutral-point position (fig. 11). The largest disagreement observed was 
in the var iation w ith Mach n,umber of pitch ing-moment coefficient for the 
complete model (fig. 12). l?&ese differen,ces  are believed due in large . _ i_> . . 
part to the interference of.the supports on the flow at the tail. The 
tail-off pitch ing-moment character is tic s  appear to be in fairly  good 
agreement. _, ~ : ;w:,. : 
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The computed var iation of downwash'angle w ith angle of attac k  from 
Boeing w ind-tunnel data is  compared w ith the measured and computed va lues  
from the Ames 16-foot w ind-tunnel tes t in figure 15. It can be seen that 
the s lopes  of the cu rves  computed from the :Boeing data are in poorer 
awekment w ith the s lopes  o(r the measured cu rves  'than those computed from 
the 16-foot w ind-tunnel data. The angles  of attac k  for'zerb downwash for 
the Boeing cu rves  were in better agreement w ith the measured va lues  than 
those computed from 16-foot w ind-tunnel data. 

. CONCLUDIN& REMARKS 

The results  of w ind-tunnel tes ts  of a Boeing XB-52 airplane model 
. indicate satisfactory s tatic  longitudinal s tability  throughout the tes t 

Mach number range and some los s  in tail effec tiveness at 0.90 Mach rnmiber. . .j 
A compar ison of the results  of these tes ts  w ith those of the same 

model in the Boeing Airplane Company's w ind tunnel showed c lose agree- 
ment of lift- and drag-d.i$erRence Ma&i numbers.?, Slight differences  
were observed in tail-effec tiveness and the 
neutral point. D iscrepanc ies  in the actual 
were attributed primarily  to differences  in (‘ . ..I.. .: 

. . . . I . :. 
Ames Aeronautical Laboratory, :* . 

position of the s tick - f ixed 
magnitudes of coefficients 
suppdrt:,in$rf ereackb . . , . . . 

* . . . . 
. .:.’ . 

National Adviso ry  Committee for Aeronautics, .'. “ . . e . Moffett l&id, !C!alif. '. . f-y.: f. . 
*.* .\ .:I, . . .-. . '.I* 
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I  TABLE I.- WING GEDfETRY 
A... ,. .“. _  . . . ,~ 

t Win Statien 
'f in. ) 

Thickness, 
percent chord / 

'Airfoil I 
section %lashout I 

3.00 (root) "15.20 BAC 2!? O0 f ,-- 

f, 

15.10 (inboard break) 

1 'j - 25.76 (outboard break! 

54.09 (tip) 
I 

I 

I 

3 ercent thickness parallel to free stream 
cPercent thickness perpendicular to wing trailing edge 

Boeing Airplane Company airfoil designation 
dw ashout measured with respect to root 

(Wing station in.: . 
54.09 --3 

-25.76 4 
15.10 * 

Inboard break 

Outboard break 

, Plane of symmetry 
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TABLE II.- MODEL DIMENSIONS 

Wing (without trailing-edge extension) 

Span,feet ..................... 9.060 
Aspect ratio .................... 8.55 
Taper ratio .................... 0.40 
Area, square feet ................. 9.60 
Mean aerodynamic chord, feet ............ 1.124 
Sweepback (0.25-chord line), degrees ........ 35 
Theoretical root chord, feet ............ 1.515 
Theoretical tip chord, feet ............ 0.604 
Dihedral ...................... 2030' 

Horizontal tail 

Span,feet ..................... 2.549 
Aspect ratio .................... 3.00 
Taper ratio .................... 0.25 
Area, square feet ................. 2.161 
Mean aerodynamic chord, feet ............ 0.952 
Sweegback (0.23-chord line), degrees ........ 35 
Theoretical root chord, feet ............ 1.358 
Theoretical tip chord, feet ............ 0.339 
Tail length (center of gravity to 0.25-chord line 

of tail), feet .................. 3.288 
Dihedral, degrees ................. 0 

Vertical tail 

Span,feet ..................... 1.494 
Aspect ratio .................... 2.02 
Taper ratio .................... 0.20 
Area, square feet ................. 1.104 
Mean aerodynamic chord, feet ............ 0.849 
Sweepback (0.25-chord line), degrees ........ 35 
Theoretical root chord, feet ............ 1.233 
Theoretical tip chord, feet ............ 0.245 
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FIGUREJXE~ 
;' s 
?". ,. J ~, 
'1 
; Figure i.'-- Tne O.O$L&ale 'model of the x13-52 airplane. 

Figure 2.- The model mounted on the sting support. 
b) R 

(a) Front view. 
ear view. 

Figure 3.- The model motxated for measurement of the sting support 
interference. (a) Sting and strut support. (b) strut support 

Figure 4.- The location of the pitch heads and pressure rakes. 

Figure 5.- Pitch heads and pressure rakes mounted on the fuselage of 
the model. (a> R ear view. (b; Front view. 

Fi,qxe 6.-- The variation of Reynolds number with Mach number. 

Figure 7.- The variation of wing-tip twist with angle of attack. 

Figure 8.- The lift and pitching-.momen.t characteristics, (a) M, 0.30. 

Figure 8.- Continued. (b) M, 0.50. 

Figure 8.- Continued. (c) M, 0.60. 

Figure 8.- Continued. (a) M, 0.70. 

Figure 8.- continued. (e) M, 075. 

Figure 8.- Continued. (f) M, 0775. 

Figure 8.- Continued. (g) M, 080. 

Figure 8.- Continued. (h) M, 0.8"5. 

Figure 8.- Continued. (i) M, 0.85. 

Figure 8.- Continued. (j) M, 0.875. 

Fialre 8.-- continued. (k) M, 0.90. 

Figure R.- Concluded. (1) M, 0.925. 

Figure 9.- The drag characteristics. (a) M, 0.30. 

Figure 9.- Continued. (b) M, 0.50. 

Figure 9.- Continued. (c) M, 0.60. 
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Figure 9.-- Continued. (a) M, 0.70. 
l 

6u  ~-~ _~.~_ Figure 9.- Continued. (e) M, 0.75. 
k 

Figure 9.- Continued. (f) M, 0.775. 

Figure 9.- Continued. (g) M, 0.80. 

Figure 9.- Continued. (h) M, 0.825. 

Figure 9.- Continued. (i) M, 0.85. 

Figure g.-- Continued. (3) Y, 0.875. 

Figure 9.- Continued. (k) M, 0.90. 

Fj.,me ?.-- Concluded. (1) M, 0.925. 

Figure lO.-- The variation of drag coefficient and lift coefficient 
with Mach number. (a) Ames U&foot high-speed wind tunnel; 
iwt 9 -5.sO. (b) Boeing Airplane Coml>any wind tunnel; it9 -3.lO. 

Fi,gure ll.- The variation of lift-curve slope, tail effectiveness, and 
stick-fixed neutral point with Mach number. 

Figure 12..- The variation of pitching-moment coefficient with Mach 
number. (a) Ames l6-foot high--speed wind tunnel. (b) Boeing 
Airplane Company I:ind tunnel. 

F:igure 13.- The effect of surface roughness at 10 percent of the wing 
chord onothe lift, drag, and pitching-snoment characteristics. 
it, -5.5 . 

Figure 14.- Spanwise variation at do%nwash angle. 

Figure 15.- The variation of downwash with angle of attack. 

Figure 16.- Sling wake surveys at the horizontal tail. (a) M, 0.50. 

Figure 16..- Continued. (b) M, 0.70. (c> M, 0.75. 

Figure 16.- Continued. (a) M, 0.80. (e) M, 0.85. 

Fi,ve 16.- Concluded. (f) M, 0.875. hi;) M, 0.90. 

. 

Figure 17.- Tufts on the model at 0.30 Mach number. (a) auy Go, 
00, 20, 40. 
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Figure 17.- Continued. (b) %, 6O, 8O, loo, 12O. 

-Figure 17.- Cqn+ded. (c) s, 14', 16O, lD",: 20'. 

Figure 18.- Tufts on the model at 0.50 Mach number. 
o", 2O, 4O. 

Figure 18.- Continued. (b) %, 6', 8', loo, 12O. 

Figure x8.- Concluded. (c) %, 14', 16', 18', 20~. 

Figure lg.- Tufts on the model at 0.70 Mach number. 
4O, 6'. 

Figure lg.- concludea. (b) au, 8', lo', 12', 14'. 

Figure 20.- Tufts on the model at 0.75 Mach number. 
4', 6'. 

Figxe 20.- Conclurled. (b) s, 8c, loo, 12O, 14O. 

Figure 21.- Tufti.- &c. on the model at 0.80 Mach number. 
o", 2O, 4O. 

Figure 21.- Concluded. (b) at,, 6O, 8O, loo, 12O. 

Figure 22.- Tufts on the model at 0.85 Mach number. 
00, 20, 4O. 

Figure 22.- Conciudcd. b) a,>., 6O, go, 10'. 

(a) qJ, -2OY 

(4 St Ooy zoy 

(4 au, o”, 2OY 

(a) cy,, -2O, 

Figure 23.- Tufts on the model at 0.875 Mach number. (a) udu, -2O, 
o", 2O, 4O. 

Figure 23.- Concldeci. (b) au, 6', 8O. 

Figure 24.- Tufts on the model at 0.90 Mach number. au, 2O, 4O, 
6', 8'. 

Figure 25.- Tufts on the model at 0.925 Mach nurrber. a,,., lo, 2', 
40 GO Y / ' 

. 
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Figure /.- The 0.049 -soo/e mode/ of the X6-52 airplane. 
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.(a) Front view, 

(b) Rear View. 

Figure 2.- The model mounted on the sting support. 

-4 
NATIONAL ADVISORY COMMIl lEE FOR ASzONAUllq 

,t,,,Es AWONA”“CAL UBORATORY, MOE!3 RaD, CALF. 

__ _ _.x “,__ _..- c___-___ __- _ I I.----.v .__c._- _- I,_F __-_. _ --._ ~___ -. -, - 
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(a) Sting and strut support. 

(b) strut support. 

Figure 3.- The model mounted. for measurement of the sting support 
interference. 

NAl lONAL ADVISORY CO- FOR AERONAUTICS 
AMES AERONAUTICAL LABORATORY, MOFFEIT RED, CALF. 

z .,. rP -___ _-.___. .- .--_ _ --I _ , = . 
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(a) Rear view. 

(b) Front view. 

Figure 5.- Pitch heads and pressure rakes mounted on the fuselage of the model. 

NATTONAL ADVISORY COMMl lEE FOR AQIONALITKS 
AMES AERONAUIICAL LAROUtIORY, MOFFEIT FIED, ULF. 

. _- .- I..._ -__.____. -_- _ - ____ __~_ _-_ ____ ,----_____ -__-- ~. . . _-_ _ --, 
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Figure 6.- The variation of Reynolds number with Mach number. . 
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0’ -.4 

0 Complete model  less empennage and nacel les 
A Complete model  less empennage 
q Completemodel; if, -Z7’ 
Q  Complete model; i& -5.8’ 
v  Complete model; it, -2.9’ 

support interference 

.a 

.4 

O- 

-.4 - 
-4 

Corrected for 
support interference 

0 4 8 I2 I6 20 24 
Angle of ottuck, e, deg 

.24 .I6 .08 0 -.08 716 -.24 
Pitching-moment coefficient, Cm 

/aI h4, 0.30. 
Figure 8.- The  lift and  p i tch ing-moment c&racteristics. 
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0 Complete model fess empennage and naceftes 
A Complete modelless empennage 
q Complete model; it, -7.7” 
0 Complete modeli it, -5.8” 
v Complete model; it> -2.9' 

r I 

.8 

t 
.4 t 

Uncorrected far 
support interference 

- I -- I I I / I I 

.8 

-4 0 4 8 12 /6 20 24 
v/e of attack. m d-n 

.I6 -08 0 -.08 -.I6 -.24 -.32 
Pitching-moment coefficient, Cm 

Figure 8.- Continued. 
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_ _  _  _  _  _  

0  comptete model  less empennage  and  nacel les 
A Complete modeltess empennage  
a Complete modetj it, - 7.7 * 
o Completemodel; it, -5.8” 
v  Complete model; it, -2.9” 

.8 

.4 

Corrected for 
ort interference 

-4 0 4 8 t2 16 20 
Angle of attack. a. deq  

.24 .I6 .08 0 -.08 -.I6 -.24 
Pithing-moment coefficient, Cm 

(cl IW, 0.60 
Figure 8.- Cont inued. 
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o Complete model less empennage undnacefles 
A  Complete model less empennage 
q Completemodel; it, -Z7’ 
0 Completemodel; it, -5.8’ 
v Completemodeli it, -2.9’ 

Uncorrected for 
support interference 

Corrected for 
support interference 

-.4 
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Pitching-moment coefficient, Cm  

fd. hf. 0.70 
Figure 8.-~C*niinuea! 
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o Complete model  less empennage and nacel les 
A Complete model  less empennage 
fl Completemodel j  it, -27’ 
0 Complete model; it, -5.8” 
v  Completemodel j  i , -2.9’ 

.8 
Uncorrected for 

/.2 

I I I I 

.8 

.4 

0 

-.4 
-4 0 4 8 I2 I6 20 .I6 .08 0 -.08 -.I6 

Angle of attack, a, deg Pitching-moment coefficienf, Cm 

Ie/ 44, 0.75 
Figure 8,- Continued. 
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B Complete model less empennoge and nacelles 
A Complete model less empennage 
q Complete modeli it, -27” 
Q Complete model; it, -5.8” 
v Complete modeli it, -2.9* 

.8 

Uncorrected for 
support interference 

.8 

Corrected for 

-4 0 4 8 I2 16 .I6 .08 0 -.08 :I6 
Angle of attack, a, deg Pitching-moment coefficient, Cm 

(fj M, 0.775 
Figure 8.- Continued. 
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0 Complete model less empennage and nacelles 
A Complete model less empennage 
0 Complete model; it, - Z7’ 
Q Completemodel; it, -5.8” 
v Complete modeli it, -2.9” 

.8 

Uncorrected for 

.8 

-4 0 4 8 I2 I6 .f6 .08 
Angle of attack, a, deg 

0 -.08 t/6 
Pitching-moment coefficient, Cm 

1gJ M 0.80 
Figure 8. - Continued. 
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Q Complete model less empennoge ond nacelles 
A Complete model less empennage 
q Complete model; it, - Z7* 
Q Complete model, it> -5.8’ 
v Complete model; it, -2.9” 

.8 

Uncorrected for 
ort interference 

Corrected for 
support interference 

-4 0 4 8 I2 i6 .I6 .08 0 108 ~16 
Angle of attack, a, deg Pitching-moment coefficient, Cm 

Iii) M, 0.825 
Figure 8.- Continued 
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0 Complete model  less empennoge ond nacel les 
A Complete model  less empennoge 
0 Complete model; it, - Z7’ 
0 Complete model; it, -5.8” 
v Complete model; it, -2.9” 

* 
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.8 

__ ,._ -,. -4 

support interference 

-4 0 4 8 12 16 ./6 .08 0 -.08 -.I6 
Angle of attack, a, deg Pitching-moment coefficient. Cm 

(i) IW, 0.85 
Figure 8.- Coni inued. 
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o complete model less empennage and nacelles 
A Complete model less empennage 
q Complete model; it, - Z7’ 
Q Complete model; it, -5.8’ 
v Complete model) it, -2.9’ 

.8 

.4 

Uncorrected for 
support interference 

2 
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e V i -A -T 

-4 0 4 8 i2 I6 .t6 .08 0 -.08 ~16 
Pitching-moment coefficient, Cm Angle of ottock, a, deg 

(/‘I M, 0.875 
Figure 8.- Continued. 
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0 compl8t8 model  less empennage and nac8tl8s 
A &M7lpf8t8 model  t8SS 8mp8nnag8 
Q  Complete model; it, -5.8” 
0 GOmpl8t8 model4 it, -2.9” 
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ort interference 
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Support interference 

-.4 -4 0 4 R I? I6 .I6 .08 0 -.08 -.I6 , I .- -- 
Angle of attack, a, deg Pitching-moment coefficient, cm  

Figure 8.- Cont inued. 
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fiigwe 9.- The drag character ist ics. 
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B Complete model less empennage andnacelles 
A Complete model less empennage 
Q Compleie model; it, - Z7” 
0 Complete model; it, -5.8’ 
v Complefe mode/; it. -2.9” 
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Figure 9.- Confinued 
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o Complete model less empennage and nacelles 
A  Complete model less empennage 
o Complete model; it, - T7” 
Q  Complete model; it, -5.8’ 
v Complete model; it, -2.9” 
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Drag coefficient, Ca 
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Figure 9.- Continued. s lumuL-*c-- 
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Figure 9.- Continued. 
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Figure 9  - Cont inued. 
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Figure 9 - Confinued. 
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